Objective -To assess the relation between P-wave and QT dispersions in elderly patients with heart failure. 
Relation Between the Behaviors of P-Wave and QT Dispersions in Elderly Patients with Heart Failure Original Article
Dispersion of the QT interval (QTd) is defined as the difference between the longest and the shortest QT interval in all electrocardiographic leads, which may be possibly measured. That parameter electrocardiographically translates the asynchrony of repolarization of ventricular myocardial rows, which is a phenomenon predisposing patients to an abnormal flow of the electric current in the heart. The increase in QT dispersion seems to have a prognostic meaning for several groups of patients and is associated with nonhomogeneous ventricular repolarization, which may favor reentry mechanisms, and, consequently, the appearance of ventricular arrhythmias 1, 2 . Batchvarov and Malik 3 have reported that QTd should be greater than 100 ms to be interpreted as a signal of abnormality in the course of ventricular repolarization. Some studies have shown that individuals with heart failure have greater QTds, suggesting that this electrocardiographic parameter can serve as a predictor of ventricular arrhythmias [4] [5] [6] . The concept of P-wave dispersion (Pd) has been recently established as the difference between the longest and the shortest P-wave duration in all electrocardiographic leads. An increase in Pd indicates heterogeneous atrial repolarization, favoring reentry mechanisms. Similar to that which happens with the increase in QTd, the increase in Pd can be a predictor of supraventricular arrhythmias [7] [8] [9] . Several studies have suggested that the greatest P-wave dispersion measured in a 12-lead electrocardiogram is an independent predictor of paroxysmal atrial fibrillation 7, 8, 10 . Other authors have confirmed this hypothesis with signal-averaged electrocardiography [11] [12] [13] . So far, no study using body surface mapping has been carried out. Body surface mapping is a noninvasive method that can show the spatial distribution of body surface potentials, providing tridimensional details on the electrocardiogram 14, 15 similar to those obtained with an invasive method 16 . Its 87 leads distributed all over the thorax provide more prognostic and diagnostic information than the conventional electrocardiogram (with 12 leads distributed only on the precordium) 17 . Therefore, it is a more appropriate method for studying Pd.
Patients with heart failure have alterations in the conduction of the stimulus in the atria and ventricles, possibly due to an increase in Pd and QTd.
Methods
We studied consecutively 47 elderly patients (age > 65 years) with heart failure, who were registered at the Heart Failure Outpatient Clinic of the Cardiac Geriatric Clinical Unit of the Instituto do Coração of the Hospital das Clínicas of the Medical School of the University of São Paulo. All patients had stable heart failure and were in NYHA functional classes II or III. Their ejection fraction obtained on the echocardiogram was lower than 50% (tab. I). All patients had undergone extensive clinical and laboratory investigation to eliminate any possible doubt about the diagnosis. Patients who did not have sinus rhythm at the time of the evaluation were excluded from the study. The Committee on Ethics of the hospital approved the study protocol, and all patients signed a written consent form before the beginning of the study.
The Mapping System HPM -7100 from Fukuda Denshi with 87 leads was used for body surface mapping. The patients were put in the dorsal decubitus position with 59 leads on the anterior part of the thorax and 28 leads on the dorsum. The measurements were taken in a semi-automatic manner with 2 mobile pointers moved manually on the monitor of the device by 1 single observer. The P-wave dispersion was calculated based on the difference between the maximum and minimum values of the interval between the beginning of the P wave and the beginning of the QRS complex on the 87 leads. The difference between the maximum and minimum values of the interval between the beginning of the Q wave and the end of the T wave in all leads was considered the QT dispersion.
The Pearson correlation test was used to compare QT and P-wave dispersions. In addition, the patients were separated into 2 subgroups according to QTd with 100 ms used as the cut-off value, as suggested by Batchvarov and 
Results
Dispersion of the QT interval was 68.2±27.1 ms, ranging from 28 to 141 ms. Dispersion of the P wave was 54.7±14.5 ms, ranging from 20 to 94 ms.
A significant correlation between QTd and Pd was observed (R=0.41 and p=0.04) ( fig. 1 ).
The patients with QTd > 100 ms had a significantly greater Pd than those with QTd < 100 ms (tab. II).
Discussion
In the elderly patients with stable heart failure, a significant and positive correlation between Pd and QTd values was observed. Patients with QTd > 100 ms showed a significantly greater Pd than those with QTd lower than that value.
As far as we know, this is the first study assessing the relation between Pd and QTd. This relation probably indicates the existence of a mechanism of heterogeneous atrial and ventricular repolarization with a common substrate in patients with heart failure.
The physiopathogeny of the alterations of repolarization, which lead to arrhythmias, may be considered multifactorial with the following determinant factors: a) cardiac chamber size, b) myocardial fibrosis, and c) tonus of the autonomic nervous system. Dilation and hypertrophy of the cardiac chambers due to myocardial overload in heart failure may lead to an alteration in the architecture of the cardiac fibers, interfering with the conduction of the electric impulses. However, Zaman et al 18 did not find any relation between left atrial size and the duration of the P wave on signal-averaged electrocardiography of patients undergoing myocardial revascularization. A previous and still unpublished study carried out at our institution showed no relation between left atrial size and Pd in elderly patients with heart failure.
Myocardial fibrosis, on the other hand, may cause electrical heterogeneity and anisotropic arrhythmias due to reentry 19 . The presence of ischemia or the activation of the renin-angiotensin-aldosterone system found in coronary artery disease could account for the remodeling of the cardiac fibers 20 . The investigation of the fibrous cardiac area is known to depend on sophisticated imaging methods, such as magnetic nuclear resonance. Studies with specialized techniques should be conducted to relate QTd and Pd to the extension of the fibrosis.
It has been reported in the literature that an increase in the sympathetic tonus in heart failure may justify the presence of the prolonged QTd in these patients 4, 6 . Even though differences in the atrial and ventricular autonomic tonus may be found, the sympathetic activation of both cardiac chambers due to heart failure may justify the correlation between Pd and QTd.
It is worth repeating that the population studied consisted of elderly patients with NYHA functional classes II or III for heart failure. These patients were in an advanced stage of the disease with probable impairment of the 4 cardiac chambers. Therefore, a correlation between the dispersion of atrial repolarization, represented by Pd, and the dispersion of ventricular repolarization, represented by QTd, may exist. These findings cannot be extended to patients in an earlier phase of heart failure.
QTd and Pd may perhaps be considered electrocardiographic markers predictive of arrhythmias in patients with heart failure. However, studies with long-term follow-up should be conducted to confirm this possibility, so that these parameters can be used in clinical practice.
In conclusion, our results suggest that a relation between P-wave and QT dispersion values exists in elderly patients with heart failure. These findings may have etiopathogenic, physiopathologic, prognostic, and therapeutic implications for the appearance of arrhythmias in these patients.
